A novel bacterium, strain MUSC 273 T , was isolated from mangrove sediments of the Tanjung Lumpur river in the state of Pahang in peninsular Malaysia. The bacterium was yellow-pigmented, Gram-negative, rod-shaped and non-spore-forming. The taxonomy of strain MUSC 273 T was studied by a polyphasic approach and the organism showed a range of phenotypic and chemotaxonomic properties consistent with those of the genus Novosphingobium. The 16S rRNA gene sequence of strain MUSC 273 T showed the highest sequence similarity to those of Novosphingobium indicum H25 T (96.8 %), N. naphthalenivorans TUT562 T (96.4 %) and N. soli CC-TPE-1 T (95.9 %) and lower sequence similarity to members of all other species of the genus Novosphingobium. Furthermore, in phylogenetic analyses based on the 16S rRNA gene sequence, strain MUSC 273 T formed a distinct cluster with members of the genus Novosphingobium. DNA-DNA relatedness of strain MUSC 273 T to the type strains of the most closely related species, N. indicum MCCC 1A01080 T and N. naphthalenivorans DSM 18518 T , was 29.2 % (reciprocal 31.0 %) and 17 % (reciprocal 18 %), respectively. The major respiratory quinone was ubiquinone Q-10, the major polyamine was spermidine and the DNA G+C content was 63.3±0.1 mol%. The polar lipids consisted of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylmethylethanolamine, phosphatidyldimethylethanolamine, phosphatidylcholine and sphingoglycolipid. The major fatty acids were C 18 : 1 v7c, C 17 : 1 v6c, C 16 : 0 , C 15 : 0 2-OH and C 16 : 1 v7c. Comparison of BOX-PCR fingerprints indicated that strain MUSC 273 T represented a unique DNA profile. The combined genotypic and phenotypic data showed that strain MUSC 273 T represents a novel species of the genus Novosphingobium, for which the name Novosphingobium malaysiense sp. nov. is proposed. The type strain is MUSC 273 T (5DSM 27798 T 5MCCC 1A00645 T 5NBRC 109947 T ).
The genus Novosphingobium was proposed by Takeuchi et al. (2001) as an outcome of the dissection of the genus Sphingomonas (Yabuuchi et al., 1990 ) based on chemotaxonomic and phenotypic analyses. The dissection of Novosphingobium from Sphingomonas sensu stricto was based on phylogenetic analyses of 16S rRNA gene sequences by distance-matrix and parsimony methods. The known species of the genus Sphingomonas were divided into four clusters, which corresponded to three new genera, Sphingobium, Novosphingobium and Sphingopyxis, in addition to the genus Sphingomonas sensu stricto (Takeuchi et al., 2001) . At the time of writing, the genus Novosphingobium included 25 species with validly published names: the type species Novosphingobium capsulatum (Yabuuchi et al., 1990) , N. rosa (Takeuchi et al., 1995) , N. aromaticivorans, N. stygium and N. subterraneum (Balkwill et al., 1997) , N. subarcticum (Takeuchi et al., 2001) [described as a later heterotypic synonym of N. resinovorum by Lim et al. (2007) (Fujii et al., 2003) , N. pentaromativorans (Sohn et al., 2004) , N. taihuense (Liu et al., 2005) , N. lentum (Tiirola et al., 2005) , N. nitrogenifigens (Addison et al., 2007) , N. resinovorum (Lim et al., 2007) , N. naphthalenivorans (Suzuki & Hiraishi, 2007) , N. acidiphilum (Glaeser et al., 2009) , N. mathurense and N. panipatense (Gupta et al., 2009) , N. indicum (Yuan et al., 2009) , N. sediminicola (Baek et al., 2011 ), N. soli (Kämpfer et al., 2011 , N. fuchskuhlense (Glaeser et al., 2013a) , N. aquaticum (Glaeser et al., 2013b) , N. barchaimii (Niharika et al., 2013) , N. lindaniclasticum (Saxena et al., 2013) and N. arabidopsis (Lin et al., 2014) . The name 'Novosphingobium sediminis' (Li et al., 2012) has also been proposed, but it has not yet been validly published. The different species of Novosphingobium have been isolated from a wide range of habitats such as soil and sediments (Balkwill et al., 1997; Sohn et al., 2004; Liu et al., 2005; Baek et al., 2011; Niharika et al., 2013) and a sewage treatment plant (Fujii et al., 2003) and emerge as bacteria with the potential to degrade different xenobiotics (Liu et al., 2005; Tiirola et al., 2005; Lal et al., 2006) .
A sediment sample was collected at site MUSC-TLS2 (3 u 489 3.20 N 103 u 209 22.70 E) located in mangrove sediments of the Tanjung Lumpur river in the state of Pahang in peninsular Malaysia in December 2012. Samples of the upper 20 cm topsoil layer (after removing the top 2-3 cm) were collected using an aseptic metal trowel, placed in sterile plastic bags and stored at 220 u C. Five grams of air-dried soil was mixed with 45 ml sterilized water and ground using a mill and then the suspension was spread onto a selective isolation medium [ISP7 medium (tyrosine agar); Shirling & Gottlieb, 1966] supplemented with cycloheximide (25 mg ml 21 ) and nystatin (10 mg ml 21 ) and incubated at 28 u C for 7 days. Isolate MUSC 273 T was maintained on ISP2 medium and nutrient agar at 28 u C and as glycerol suspensions (20 %, v/v) at 220 u C.
Genomic DNA extraction, PCR amplification of the 16S rRNA gene and sequencing of purified products were carried out as described by Hong et al. (2009) . The 16S rRNA gene sequence of strain MUSC 273 T was aligned with sequences of closely related type strains that had been retrieved from the GenBank/EMBL/DDBJ databases using CLUSTAL_X software (Thompson et al., 1997) . The alignment was verified and adjusted manually prior to the reconstruction of a phylogenetic tree. Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood (Felsenstein, 1981) algorithms using MEGA version 5.2 (Tamura et al., 2011) . Phylogenetic trees reconstructed using the neighbourjoining and maximum-likelihood algorithms used a total of 1289 positions in the final dataset. Calculations of the level of sequence similarity were carried out using the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . The stability of the resultant tree topologies was evaluated by using the bootstrap resampling method of Felsenstein (1985) . Evolutionary distances were computed using Kimura's two-parameter model (Kimura, 1980) . The nearly complete 16S rRNA gene sequence was determined for strain MUSC 273 T (1453 bp). Phylogenetic trees were reconstructed based on 16S rRNA gene sequences (Figs 1 and 2). Comparative 16S rRNA gene sequence analysis illustrated that strain MUSC 273 T falls within the evolutionary radiation occupied by the class Alphaproteobacteria, forming a distinct clade with members of the genus Novosphingobium (Figs 1 and 2) . The closest phylogenetic neighbours were N. indicum H25 T (96.8 %), N. naphthalenivorans TUT562 T (96.4 %) and N. soli CC-TPE-1 T (95.9 %); strains of all other species of the genus Novosphingobium shared lower sequence similarity (94.0-95.8 %). Strain MUSC 273 T formed a distinct subclade with N. indicum H25 T supported by high bootstrap values of 85 % ( Fig. 1 ) and 81 % (Fig. 2) , indicating high confidence in this association in both phylogenetic trees. Similar tree topologies were obtained by using the neighbour-joining and maximum-likelihood algorithms, which provides good support for this association. According to Stackebrandt & Goebel (1994) , a 16S rRNA gene sequence divergence greater than 3 % is generally accepted as a criterion for delineating different species. The 16S rRNA gene sequence divergence between MUSC 273 T and the most closely related type strain, N. indicum H25 T , was 3.2 %, supporting the suggestion that strain MUSC 273 T represents a novel species in the genus Novosphingobium.
Biomass for molecular systematic studies and freeze-dried cells for chemotaxonomic studies were obtained after growth in tryptic soy broth (TSB) at 28 u C for 7 days on a rotary shaker. Genomic DNA extraction and DNA-DNA hybridization of strain MUSC 273 T and closely related type strains were carried out by the Identification Service of the DSMZ (Braunschweig, Germany). Genomic DNA extraction from strain MUSC 273 T , N. indicum MCCC 1A01080 T and N. naphthalenivorans DSM 18518 T was performed as described by Cashion et al. (1977) . DNA-DNA hybridization was carried out as described by De Ley et al. (1970) under consideration of the modifications described by Huss et al. (1983) using a model Cary 100 Bio UV/Vis spectrophotometer equipped with a Peltier-thermostatted 666 multicell changer and a temperature controller with in-situ temperature probe (Varian). Strain MUSC 273 T showed low DNA-DNA relatedness of 29.2 % (reciprocal 31.0 %) with N. indicum MCCC 1A01080 T and 17 % (reciprocal 18 %) with N. naphthalenivorans DSM 18518 T . These results indicated that strain MUSC 273 T does not belong to either of these species when the recommendation of a threshold value of 70 % of DNA-DNA relatedness for species discrimination is considered (Wayne et al., 1987) . Furthermore, rep-PCR fingerprint analysis was used to compare strain MUSC 275 T , N. indicum MCCC 1A01080 T , N. naphthalenivorans DSM 18518 T and N. soli DSM 22821 T using the primer BOX-A1R (59-CTACGGCAAGGCGACGCTGACG-39) (Versalovic et al., 1991) and PCR conditions as described by Yuan et al. (2009) . PCR products were visualized by 2 % agarose gel electrophoresis. The rep-PCR results are shown in Fig. S1 IP: 54.70.40.11
On: Sun, 14 Apr 2019 19: 16:38 (available in the online Supplementary Material). It is evident that strain MUSC 273 T yielded a unique BOX-PCR fingerprint compared with closely related type strains. These results are in agreement with the results of DNA-DNA hybridization, and suggest that strain MUSC 273 T represents a novel species.
Cultural characteristics of strain MUSC 273 T , N. indicum MCCC 1A01080 T , N. naphthalenivorans DSM 18518 T and N. soli DSM 22821 T were determined following growth on ISP2 and ISP7 media (Shirling & Gottlieb, 1966) , starch casein agar (Küster & Williams, 1964) , Streptomyces agar (Atlas, 1993) , actinomycete isolation agar (Atlas, 1993) and nutrient agar (MacFaddin, 2000) for 7 days at 28 uC. The ISCC-NBS colour charts (Kelly, 1964) were used to determine the names and designations of colony colours. Light microscopy (80i; Nikon) and scanning electron microscopy (JEOL; JSM 6400) were used to observe the Novosphingobium aromaticivorans DSM 12444 T (CP000248)
Novosphingobium subterraneum IFO 16086 T (AB025014)
Novosphingobium capsulatum GIFU11526 T (D16147)
Novosphingobium ginsenosidimutans FW-6 T (JQ349046)
Novosphingobium arabidopsis CC-ALB-2 T (KC479803) morphologies of strains after incubation on ISP2 medium at 28 u C for 7 days. Gram staining was performed by the standard Gram reaction and was confirmed by using KOH lysis (Cerny, 1978) . NaCl tolerance was tested using TSB and salt concentrations of 0-18 % (w/v) at intervals of 2 %. Growth was tested at 4-52 u C at intervals of 4 u C on ISP2 medium. Growth was tested between pH 4.0 and 10.0 at intervals of 1 pH unit. Catalase activity was determined by bubble production in a 3 % (v/v) hydrogen peroxide solution. Lipase, amylolytic, cellulose, chitinase, protease and xylanase activities were determined by growing cells in ISP2 medium and following protocols described by Meena et al. (2013) . Production of melanoid pigments was examined using ISP7 medium. Haemolytic activity was assessed on blood agar medium containing 5 % (w/v) peptone, 3 % (w/v) yeast extract, 5 % (w/v) NaCl and 5 % (v/v) human blood (Carillo et al., 1996) . Plates were examined for haemolysis after incubation at 32 u C for 5 days; the presence of clear zones around colonies signifies the potential of isolates for surfactant production. Antibiotic susceptibility tests were performed by the disc diffusion method as described by Shieh et al. (2003) using antimicrobial discs purchased from Oxoid. The antimicrobials used and amounts (in mg) were as follows: ampicillin (10), ampicillin sulbactam (30), cefotaxime (30), cefuroxime (30), cephalosporin (30), chloramphenicol (30), ciprofloxacin (10), erythromycin (15), gentamicin (20), nalidixic acid (30), penicillin G (10), streptomycin (10), tetracycline (30) and vancomycin (30). Susceptibility of the novel strain and the reference type strains to 14 different antibiotics is detailed in Table S1 . Carbon-source utilization and chemical sensitivity assays were determined using Biolog GenIII Table 1 .
Cellular fatty acid analyses of strain MUSC 273 T , N. indicum MCCC 1A01080 T , N. naphthalenivorans DSM 18518 T and N. soli DSM 22821 T were carried out by the Identification Service of the DSMZ. Cell mass of strain MUSC 273 T and the reference type strains was harvested from TSB after incubation at 28 u C for 2 days. The fatty acids were extracted and prepared according to the standard protocol of the MIDI Microbial Identification system (Sasser, 1990) . The complete fatty acid profiles of strain MUSC 273 T and closely related type strains are shown in Table 2 . The major fatty acids of strain MUSC 273 T were C 18 : 1 v7c (34.2 %), C 17 : 1 v6c (28.1 %), C 16 : 0 (7.0 %) and C 15 : 0 2-OH (5.9 %) ( Table 2 ). Strain MUSC 273 T has a fatty acid profile that is consistent with those of its phylogenetic neighbours N. indicum MCCC 1A01080 T , N. naphthalenivorans DSM 18518 T and N. soli DSM 22821 T , which contained similar quantities of C 18 : 1 v7c (34.2-60.2 %), C 17 : 1 v6c (6.5-28.1 %) and C 16 : 0 (7.0-11.2 %). All of the strains tested had C 18 : 1 v7c as the predominant fatty acid ( Table 2 ). The genus Novosphingobium was differentiated from the genera Sphingomonas sensu stricto, Sphingopyxis and Sphingobium by the absence of major 2-hydroxy fatty acids other than C 14 : 0 2-OH (Takeuchi et al., 2001) . However, strain MUSC 273 T had similar amounts of C 14 : 0 2-OH and C 15 : 0 2-OH fatty acids, which was also reported for N. hassiacum W-5 T and N. soli CC-TPE-1 T (Kämpfer et al., 2002) and N. acidiphilum FSW06-204d T (Glaeser et al., 2009) .
Genomic DNA of strain MUSC 273 T for the determination of G+C content was extracted according to Cashion et al. (1977) . The G+C content of the DNA was determined by HPLC (Mesbah et al., 1989) as 63.3±0.1 mol%; this result is within the range 60-67 mol% described for species within the genus Novosphingobium (Takeuchi et al., 2001; Yuan et al., 2009) . . Data from all strains were obtained from this study, unless indicated otherwise. +, Positive; 2, negative; (+), weakly positive. All strains were positive for assimilation of dextrin, turanose, D-and L-fucose, D-fructose 6phosphate, D-galacturonic acid, D-glucuronic acid, acetoacetic acid, acetic acid and formic acid. All strains were negative for assimilation of trehalose, methyl b-D-glucoside, N-acetyl-D-glucosamine, N-acetyl-b-D-mannosamine, N-acetyl-D-galactosamine, N-acetylneuraminic acid, D-sorbitol, D-mannitol, glycerol, L-arginine, L-pyroglutamic acid, mucic acid, D-lactic acid methyl ester and bromosuccinic acid. Major fatty acids (%) C 18 : 1 v7c 34.2 52.5 60.2 49.2 C 17 : 1 v6c
28.1 13.8 11.2 6.5 C 16 : 0 7.0 8.6 7.3 11.2 Colony colour (on nutrient agar)* YO VY PY LY Growth at/in: Analysis of respiratory quinones and polar lipids was carried out by the Identification Service of the DSMZ.
Polyamines were extracted and analysed as described by Busse & Auling (1988) and Busse et al. (1997) and cellular polar lipids were extracted and analysed by TLC (Kates, 1986) . The respiratory quinones consisted of ubiquinones Q-10 (90 %) and Q-9 (10 %), with spermidine as the major polyamine [20.5 mg (g dry weight) 21 ]. The polar lipids consisted of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidyldimethylethanolamine, phosphatidylmethylethanolamine, phosphatidylcholine and sphingoglycolipid (Fig. 2) yellowish orange on most media tested. Using TSB, the NaCl tolerance, temperature and pH ranges for growth are 0-6 %, 20-32 u C and pH 5.0-8.0, and optimal growth occurs at 0-4 % NaCl, 28 u C and pH 6. Positive for catalase and negative for hydrolysis of soluble starch, CM-cellulose and chitin and activities of tributyrin (lipase), casein and xylan and haemolysis. With Biolog GEN III Micro-Plates, the following compounds are utilized as sole carbon sources: dextrin, cellobiose, turanose, raffinose, D-salicin, a-D-glucose, D-fructose, D-and L-fucose, L-rhamnose, Dglucose 6-phosphate, D-fructose 6-phosphate, gelatin, glycyl L-proline, D-galacturonic acid, D-glucuronic acid, glucuronamide, methyl pyruvate, Tween 40, b-hydroxy-DL-butyric acid, acetoacetic acid, acetic acid and formic acid.
The following compounds are not utilized as sole carbon sources: maltose, trehalose, gentiobiose, sucrose, stachyose, lactose, melibiose, methyl b-D-glucoside, N-acetyl-D-glucosamine, N-acetyl-b-D-mannosamine, N-acetyl-D-galactosamine, N-acetylneuraminic acid, D-mannose, D-galactose, 3-methyl glucose, inosine, D-sorbitol, D-mannitol, Darabitol, myo-inositol, glycerol, D-aspartic acid, D-serine, pectin, L-galactonic acid lactone, D-gluconic acid, mucic acid, quinic acid, D-saccharic acid, p-hydroxyphenylacetic acid, D-lactic acid methyl ester, L-lactic acid, citric acid, aketoglutaric acid, D-and L-malic acid, bromosuccinic acid, c-aminobutyric acid, a-hydroxybutyric acid, a-ketobutyric acid and propionic acid. L-Alanine, L-aspartic acid and L-glutamic acid are utilized as sole nitrogen sources. L-Arginine, L-histidine, L-pyroglutamic acid and L-serine are not utilized as sole nitrogen sources. In chemical sensitivity assays, sensitive to potassium tellurite, aztreonam, sodium butyrate and sodium bromate; resistant to 1 % sodium lactate, troleandomycin, niaproof 4, vancomycin, fusidic acid, D-serine, rifamycin RV, minocycline, lincomycin, guanine hydrochloride, tetrazolium violet, tetrazolium blue, nalidixic acid and lithium chloride. Resistant to (mg per disc) streptomycin (10) and nalidixic acid (30); sensitive to ampicillin (10), ampicillin sulbactam (30), cefotaxime (30), cefuroxime (30), cephalosporin (30), chloramphenicol (30), ciprofloxacin (10), erythromycin (15), gentamicin (20), penicillin G (10), tetracycline (30) and vancomycin (30). The major polyamine is spermidine and major respiratory quinone is Q-10.
The type strain is MUSC 273 T (5DSM 27798 T 5MCCC 1A00645 T 5NBRC 109947 T ), isolated from mangrove soil collected from the state of Pahang in peninsular Malaysia. The genomic DNA G+C content of the type strain is 63.3±0.1 mol%.
